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FIGURE 5.8 Magma production and extraction near a hot magmatic
pathway leading to the formation of zoned plutons. The first magma
to the surface is basaltic from a mantle source. Melting in the basaltic
lower crust gives rise to a diapir ascending a considerable distance that
allows extraction of an andesitic magma that continues to ascend and
intrude the original basalt. Later partial melting in the upper granitic
crust produces a sluggish (small-density contrast) diapir that may not
ascend far enough to allow melt extraction, yet this body may intrude
the others, forming a zoned pluton.

surroundings, its rise will be sluggish, and it may appear on
the surface much later (if it does at all) than the melt from the
deeper diapir. In fact, the shallow diapir may appear in the
near-surface environment still containing recognizable rem-
nants of its source rock (i.e., restite).

Since the composition of the crust surely becomes more
basaltic with depth, the deeper diapir will yield a melt that is
more basic than the shallow diapir. The sequence of intrusion
in such an area would be basalt-andesite-dacite. Furthermore,
if the bodies follow similar paths and become neutrally buoyant
at a similar depth, later bodies will penetrate earlier ones and
together produce a zoned pluton of material from completely
different source areas (see Figure 5.8).

The above is evidence of why large bodies of silicic magma,
which give rise to giant ash flows, are common to the upper
continental crust while similar bodies of basaltic magma are
not. Aside from the fact that basalt is denser than granitic
magma, which retards buoyancy, basalts cannot normally be
generated within the crust, whereas large, slow-cooling silicic
bodies can be formed essentially in place provided the nec-
essary heat is supplied. In sum, a basalt entering continental
crust enters a hostile environment where its every move com-
promises either its composition or temperature, stiffling its
longevity.

PLUTONS AND LAVAS

"The igneous rocks of the globe belong chiefly to two types:
granite and basalt" (Daly, 1933, p. 41). And today even with
the recognition of ash flows and seafloor basalt this statement

is still roughly true if the entire crust is considered. Daly also
recognized that "To declare the meaning of the fact, that one
of these dominant types is intrusive and the other extrusive,
is to go a long way toward outlining petrogenesis in general."
This question may have a rather simple answer if we ask what
the probability is of observing a magma at any temperature or
crystallinity. Aside from the preceding agreements, it can be
shown that granitic magmas are more likely to form plutons
than are basaltic magmas.

Consider a body of magma held in a magma chamber below
a volcano. If the magma cools, for example, very quickly through
a particular temperature interval, the probability of observing
it (if we lived within the magma) in this interval is small. On
the other hand, if the magma body spends a long time within
this same temperature interval, the probability of observing it
at these temperatures is greater. From this statement we can
define the probability of observing the magma at a particular
temperature as the thermal probability (Pr), and it is evidently
inversely proportional to the rate of cooling. Thus

dT

dt

(5.37)

The total flux of heat (Q) from the magma is controlled by
the ability of the wallrock to accept heat, and this heat is sup-
plied by the magma from cooling and latent heat,





(5-38)

where V is the volume of magma, X is the volume fraction of
crystals, and the other symbols are as defined earlier. Using
the chain rule of differentiation on the last term and factoring,

dT

dX
-

and from Eq. (5.34)
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Since V, Q, and pCp do not vary significantly through the
crystallization interval (this is not strictly a necessary assump-
tion), this equation is the sum of two probabilities. The first,
VpCp/Q, is essentially constant throughout the crystallization
interval and is of no interest; we neglect it. The interesting
probability is the term (V'pL/Q)dX/dT. It indicates that the
probability of observation is controlled by the change in crys-
tallinity with temperature. In fact, if we choose a temperature
scale of T = (TL - TS)T', where TL and Ts are, respectively,
the liquidus and solidus temperatures (at any pressure) and T'
is a dimension-free temperature variable, then
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(5.41)

And since the first group of parameters is just a scale factor, it
can be set to unity, and we define the thermal probability as

dX

(5.42)

An example of the use of this result is shown in Figure 5.9,